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ABSTRACT
We estimate the average fractional polarisation at 143, 217 and 353 GHz of a sample of
4697 extragalactic dusty sources by applying stacking technique. The sample is selected
from the second version of the Planck Catalogue of Compact Sources at 857 GHz,
avoiding the region inside the Planck Galactic mask (fsky ∼ 60 per cent). We recover
values for the mean fractional polarisation at 217 and 353 GHz of (3.10±0.75) per cent
and (3.65± 0.66) per cent, respectively, whereas at 143 GHz we give a tentative value
of (3.52± 2.48) per cent. We discuss the possible origin of the measured polarisation,
comparing our new estimates with those previously obtained from a sample of radio
sources.
We test different distribution functions and we conclude that the fractional polar-
isation of dusty sources is well described by a log-normal distribution, as determined
in the radio band studies. For this distribution we estimate µ217GHz = 0.3± 0.5 (that
would correspond to a median fractional polarisation of Πmed = (1.3± 0.7) per cent)
and µ353GHz = 0.7 ± 0.4 (Πmed = (2.0 ± 0.8) per cent), σ217GHz = 1.3 ± 0.2 and
σ353GHz = 1.1 ± 0.2. With these values we estimate the source number counts in po-
larisation and the contribution given by these sources to the CMB B-mode angular
power spectrum at 217, 353, 600 and 800 GHz. We conclude that extragalactic dusty
sources might be an important contaminant for the primordial B-mode at frequencies
> 217 GHz.
Key words: polarization – infrared: galaxies
1 INTRODUCTION
The polarisation properties of extragalactic dusty sources,
i.e. sources dominated by thermal dust emission, at high
frequencies (> 100GHz) are still very poorly constrained
(if not at all) by observations. For M82 a value for the
fractional polarisation Π of 0.4 per cent at 850µm has
been measured by Greaves & Holland (2002) with SCUPOL.
The polarisation data from Planck provide the first all-
sky map of the polarised dust emission of our Galaxy
(Planck Collaboration XIX 2015). From the Planck dust po-
larisation maps De Zotti et al. (2016) has recently inferred
an estimate of the fractional polarisation of our Galaxy: they
found an average polarisation degree of 2.7 per cent for the
Stokes Q parameter by integrating over a spatial band cen-
tered in the galactic plane and with 20◦ of width in latitude.
⋆ E-mail: laurabonavera@gmail.com
This translates into a mean fractional polarisation, 〈Π〉, of
1.4 per cent if all galaxies were polarised like the Milky Way,
by considering all the possible orientations of galactic disks
with respect to the sky sphere.
The intrinsic Cosmic Microwave Background (CMB)
polarised signal is very weak and primordial B-modes are yet
to be discovered. The current upper limit on the tensor-to-
scalar ratio from the BICEP2 and Keck Array experiments
is r ∼ 0.07 (BICEP2/Keck and Planck Collaborations et al.
2015; Keck Array et al. 2016). Moreover, current measure-
ments of the Galactic foreground emission (Choi & Page
2015; Planck Collaboration XXX 2016) imply that primor-
dial B-modes would be sub-dominant with respect to fore-
grounds on all angular scales and over all observational fre-
quencies in the microwave regime. For this reason, the de-
tection of B-modes should be regarded as a component sep-
aration problem (see Remazeilles et al. 2017, and references
therein). Therefore, future CMB all-sky surveys in polar-
c© 2016 The Authors
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isation (e.g., the proposed European Space Agency, ESA,
Cosmic ORigin Explorer, CORE, mission, see Andre´ et al.
2014) – with the capability to reach tensor-to-scalar ratios
down to r ∼ 0.01 – will need a much better characterization
of the contaminating signal due to the (dominant) Galactic
diffuse emission but also to compact extragalactic sources
(see De Zotti et al. 2015, 2016, for comprehensive reviews
on this subject).
In general, the contamination due to compact source
to the polarisation signal of the CMB does not affect large
angular scales (near the reionization peak), but can play an
important role at the intermediate and small angular scales
of the lensing-induced B-mode signal (Curto et al. 2013).
Indeed, dusty galaxies are expected to be the dominant
foreground for r ∼ 0.001 at small angular scales (l > 47
Curto et al. 2013; Remazeilles et al. 2017), once delensing
has been applied to the data.
The polarisation properties of populations of faint com-
pact sources at mm wavelengths are poorly constrained. The
currently available all-sky catalogues of compact sources at
mm/sub-mm wavelengths are still limited to the shallow
surveys provided by the Wilkinson Microwave Anisotropy
Probe (WMAP) (Bennett et al. 2003) and the ESA Planck
(Planck Collaboration I 2016) missions. In the second, up-
dated, version of the Planck Catalogue of Compact Sources
(PCCS2) (Planck Collaboration XXVI 2016) the number of
detected compact sources in polarisation is very low (i.e. 25
at 143 GHz, 11 at 217 GHz and just one at 353 GHz at
the 99.99 per cent confidence level) and, thus, their polar-
isation properties are poorly characterized. Moreover, it is
obvious that only compact – either Galactic or extragalac-
tic – sources with a high Π can be detected and, thus, the
statistical characterization of the underlying population will
be biased towards these highly polarised objects.
In order to gather information about the statistical
properties of the fractional polarisation of compact sources
in the microwave band, it is useful to exploit the full in-
formation embedded in CMB all-sky polarisation maps by
applying stacking techniques, i.e., by co-adding the signal
from many weak or undetected objects to obtain a statis-
tical detection. Recently, Bonavera et al. (2017; B17) have
applied stacking to Planck maps to recover 〈Π〉 from 30 to
353 GHz of a primary sample of 1560 compact radio sources.
The sources were selected in the PCCS2 at 30 GHz and were
divided according to their location, i.e. whether located out-
side or inside the Galactic region of the sky defined by the
Planck GAL60 mask and the region around the Magellanic
Clouds. They found that 〈Π〉 is approximately constant with
frequency in both samples, with a weighted mean value for
all the Planck channels of 3.08 per cent outside and 3.54
per cent inside the Galactic mask, respectively. In the extra-
galactic region they estimated the parameters (µ and σ) for
the log-normal distribution of Π, finding a weighted mean
value of 1.0 for σ and 0.7 for µ, that would imply a weighted
median value for Π of 1.9 per cent.
Here we extend the stacking approach to a sample of
dusty galaxies, with the goal of estimating their fractional
polarisation, source number counts and their contribution
to the primordial CMB polarised signal. The outline of the
paper is as follows: in Section 2 we discuss the methods
adopted for selecting the sky patches, for defining the sub-
samples we are going to analyse and for determining their
mean fractional polarisation; in Section 3 we present our
results and in Section 4 our conclusions.
2 METHODS
2.1 Data
Our sample is based on the PCCS2
(Planck Collaboration XXVI 2016) catalogue1 at 857
GHz that contains 4891 sources with a flux density at the
90 per cent completeness level of 791 mJy in total intensity.
In order to avoid radio sources in our sample, we exclude
those sources that have a couterpart in the 30 GHz PCCS2
catalogue with a 33 arcmin search radius (151 sources). Of
these 4740 sources, for consistency with what was done in
the radio bands by B17, we consider for our analysis only
those sources lying in the region outside the Planck galactic
mask that leaves the 60 per cent of the sky unmasked and
we also exclude the 5 deg radius region around the position
of the Large Magellanic Cloud and the 3 deg radius region
around the Small Magellanic Cloud.
To check for further possible radio sources among these
4706 sources, we search in the PCCS2 217 GHz catalogue for
sources in the PCCS2 143 GHz within a 7.1 arcmin search
radius from the center of the sources at 217 GHz. The re-
sulting 944 sources are then cross-matched with our sample
(the one selected at 857 GHz and without the sources in the
30 GHz channel). We find only 18 sources in common. Of
these, only 9 have a radio spectrum (α < 1), but their flux
densities are too faint (the maximum flux density is lower
than 400 mJy) to be detected at 857 GHz. In any case, we
remove them to minimize any potential contamination when
performing stacking at the lower frequencies. Our final sam-
ple consists of 4697 sources.
2.2 Stacking
In this work we apply the same methodology discussed in
B17: we use stacking (see Dole et al. 2006; Marsden et al.
2009; Be´thermin et al. 2012, and references therein) to re-
duce the noise/background, since it is expected to fluctuate
around the mean with positive and negative values, and en-
hance the signal we want to study, correspondingly.
In our case we want to perform statistical estimates
of polarisation with Planck. It should be noticed that our
target sources are all detected by Planck in total intensity at
857 GHz, but they are not necessarily detected in the lower
frequency channels. At 857 and 545 GHz Planck instruments
are not sensitive to polarisation. For this reason we compute
〈Π〉 of our source population at 143, 217 and 353 GHz. Due
to the rising spectra with frequency of dusty sources, we
do not expect to have a measurable signal either in total
intensity or in total polarisation at frequencies lower than
143 GHz.
1 Based on observations obtained with Planck
(http://www.esa.int/Planck), an ESA science mission
with instruments and contributions directly funded by
ESA Member States, NASA, and Canada. Available at
http://pla.esac.esa.int/pla/#home (Planck Legacy Archive).
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Figure 1. Results obtained outside the adopted mask (extragalactic region of the sky) from 143 to 353 GHz. The grey points are obtained
with each individual simulation (using a log-normal distribution for the mean fractional polarisation): on the y-axis we plot the mean
input 〈Π〉 value for simulations and the x-axis is the value recovered with stacking for different values of µ and σ, as described in the
text. For all the panels, the linear interpolation of these points gives us the correction for the noise bias that has to be applied to the
observed values (red squares). The blue points are obtained by averaging over the simulations points with a binning step of 0.3 in the
y-axis.
Extragalactic region
Uncorrected Corrected Uncorrected Corrected Log-normal parameters
freq 〈Π〉 error 〈Π〉 error
√
〈Π2〉 error
√
〈Π2〉 error µ error σ error Πm error
[GHz] % % % % % % % % % %
143 1.54 2.42 3.52 2.48 12.56 12.14 7.31 3.89 0.53 1.51 1.21 0.73 1.6 2.5
217 1.15 0.74 3.10 0.75 7.79 2.42 7.38 1.32 0.26 0.52 1.32 0.23 1.3 0.7
353 1.17 0.42 3.65 0.66 5.44 1.28 6.87 1.35 0.66 0.41 1.12 0.24 2.0 0.8
Table 1. From left to right: frequency, mean fractional polarisation with r.m.s. errors uncorrected and corrected for the noise bias, square
root of the mean quadratic fractional polarisation with 1σ errors uncorrected and corrected for the noise bias, µ and σ parameters of
the log-normal function characterizing the mean fractional polarisation distributions (see text) and their 1σ errors and median fractional
polarisation computed as Πm and its error. The results are for the case outside the Planck Galactic mask with fsky = 60 per cent and
excluding the regions around the Magellanic Clouds as described in the text.
To be consistent with B17, we perform stacking select-
ing the same small patch of 63 x 63 pixels (with a pixel size
of 1.72’) around each source position. We then add up all
the patches to obtain the total flux density. To reduce the
instrumental noise (a second order effect) we convolve the
resulting patch with a Normal filter whose σfilter is given by
σbeam/2, where σbeam is FWHMinstrument/2
√
2ln2.
Following B17, we remove plausible contaminants to our
stacked measurements that result in a strong background in
the final stacked image. We subtract the mean of the back-
ground computed in the external region of the final patch
(3σbeam away from the patch center) from the total flux
density. From these residual maps we then compute the to-
tal flux densities in total intensity S and polarisation P0.
We then obtain the averaged values 〈P0〉 and 〈S〉 over our
sample.
MNRAS 000, 1–8 (2016)
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Figure 2. Results obtained for
√
〈Π2〉 outside the adopted mask (extragalactic region of the sky) from 30 to 353 GHz. The grey points
are obtained with each individual simulation (using a log-normal distribution for the mean fractional polarisation): the y-axis is the
mean input
√
〈Π2〉 for simulations and the x-axis is the value recovered with stacking for different values of µ and σ, as described in the
text. The linear interpolation of these points gives us the correction for the noise bias that has to be applied to the observed values (red
squares). The blue points are obtained by averaging over the simulations points with a binning step of 0.3 in the y-axis.
Finally we compute 〈Π〉 = 〈P0〉 / 〈S〉. Its error is
given by
√
(〈P0〉 / 〈S〉)2 ·
(
σ2P0/ 〈P0〉
2 + σ2S/ 〈S〉2
)
, where
σP0 and σS are the standard deviations for total inten-
sity and polarisation computed in the external region of the
stacked patches. We also compute the quantity
√〈Π2〉 =√
〈P 20 〉 / 〈S2〉 by applying the same methodology. It can
be a useful quantity to define the parameters for the
fractional polarisation distribution. Its error is given by√
1
4 〈P 20 〉 〈S2〉
(
σ2
P2
0
+ 〈P 20 〉2 / 〈S2〉2 σ2S2
)
.
Please note that most of our sources are not directly
detectable and therefore we cannot estimate directly 〈Π〉 =
〈P0/S〉 and
〈
Π2
〉
=
〈
P 20 /S
2
〉
. For this reason, in our stack-
ing procedure we decided to calculate 〈Π〉 = 〈P0〉 / 〈S〉
and
〈
Π2
〉
=
〈
P 20
〉
/
〈
S2
〉
that are good approximations for
〈Π〉 = 〈P0/S〉 and
〈
Π2
〉
=
〈
P 20 /S
2
〉
, assuming that Π and S
could be considered independent variables as for the case in
the radio band (B17). Besides, the residual errors introduced
by these assumptions are much smaller than the noise bias
(see B17 and Section 2.3 for more details) and the bias sub-
traction methodology described in Section 2.3 also corrects
any residual deviation from the theoretical value.
2.3 Source injection
As described in ditail in B17, the construction of P =√
Q2 + U2 introduces a bias usually called noise bias which
has to be taken into account in order to obtain correct mea-
surements. To estimate this bias, we carry out simulations
with injected sources. This allows us to correct for any in-
accuracy introduced by our assumptions, as stated above.
We injected simulated compact sources in our real maps, at
random positions but avoiding the positions of real sources.
The sources in our sample are those detected by Planck
at 857 GHz and they are mainly dusty local galaxies. They
are simulated in total intensity at each frequency indepen-
dently following Negrello et al. (2013). The latter uses the
Planck Early release Compact Source Catalogue (ERCSC
Planck Collaboration VII 2011) to carefully determine the
luminosity function, and therefore the source number counts,
of local dusty galaxies at 857, 545 and 353 GHz.
The flux densities in polarisation are first simulated as
in B17 following a log-normal distribution for different val-
ues of 〈Π〉 in each simulation. In order to estimate the noise-
bias correction, we inject simulated sources in the real maps
by assuming a uniform random polarisation angle. We com-
pute Q and U for each source creating a simulated sources
MNRAS 000, 1–8 (2016)
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Figure 3. 〈Π〉 (top) and
√
〈Π2〉 (bottom) for each frequency out-
side the Galactic mask with fsky=60 per cent and the Magellanic
Clouds. The blue circles are obtained for the current sample, the
green squares refer to the sample discussed in B17.
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Figure 4. Results obtained outside the adopted mask (extra-
galactic region of the sky) for the 353 GHz case. The grey points
are obtained with each individual simulation: on the y-axis we
plot the mean input 〈Π〉 value for simulations and the x-axis is
the value recovered with stacking for different values of the mean
for the Normal (left) and gamma (right) distributions. Linear in-
terpolation and blue points as in Figs. 4 and 5.
map starting with the simulated catalogue and convolve it
with the FWHM of the instrument (different for each ν)
and add it to the real Q and U maps. For each simulation
we randomly vary both the location (µ) and the scale (σ)
parameters of the log-normal distribution. We then apply
the same methodology described in Section 2.2 to obtain a
recovered (biased) value. We repeat this procedure for at
least 100 simulations at each frequency. The single theoreti-
cal simulated values, 〈Π〉 = 〈Ps/Ss〉, and the recovered ones
are shown as grey points. The blue points are simply the
binned values, equally spaced in the y-axis.
By comparing the theoretical simulated 〈Π〉 = 〈Ps/Ss〉
with the recovered values we are able to obtain the noise
bias correction relationships shown as blue points in Fig. 1.
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Figure 5. Results obtained outside the adopted mask (extra-
galactic region of the sky) for the 353 GHz case. The grey points
are obtained with each individual simulation: on the y-axis we
plot the mean input
√
〈Π2〉 value for simulations and the x-axis
is the value recovered with stacking for different values of the
mean for the Normal (left) and gamma (right) distributions. Lin-
ear interpolation and blue points as in Figs. 4 and 5.
Finally, we estimate our debiased measurements (red points)
using a linear interpolation of the derived noise bias correc-
tion relationships.
Then, we also check how the results change when us-
ing a different distribution for the fractional polarisation to
correct the biased values. We chose to study the cases for
a Normal and a gamma distribution. We adopt the same
procedure as for the log-normal distribution, randomly vary
the µ parameter for the Normal distribution (and assuming
σ = 0.5) and the shape, k, and scale, θ, parameters for the
gamma distributions. We perform at least 50 simulations for
each case.
We also compute the correction to
√
〈Π2〉 in the same
way as for 〈Π〉.
As in B17 from the recovered values of 〈Π〉 and
√
〈Π2〉
we can compute the parameters µ and σ characterizing the
log-normal distribution:
µ = ln
(
〈Π〉2√
〈Π2〉
)
(1)
σ =
√√√√ln
(〈
Π2
〉
〈Π〉2
)
(2)
and their errors are, respectively
var(µ) =
4
〈Π〉2 var(〈Π〉) +
1
〈Π2〉var(
√
〈Π2〉) (3)
var(σ) =
1
σ2
(
var(〈Π〉)
〈Π〉2 +
1
〈Π2〉var(
√
〈Π2〉)
)
(4)
From µ we can then compute the median fractional po-
larisation as
Πm = exp (µ) (5)
Note that for the HFI channels the leakage effect is neg-
ligible when estimating the polarised flux density of compact
MNRAS 000, 1–8 (2016)
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sources (see Planck Collaboration XXVI 2016), so there is
no need to take it into account in the simulations.
3 RESULTS
Our sample consists of 4697 sources as described in 2.1.
We perform stacking in the Planck channels from 143 to
353 GHz, both in total intensity and polarisation. From the
patches resulting from stacking we estimate 〈S〉, 〈P0〉, 〈Π〉
and
〈
S2
〉
,
〈
P 20
〉
,
√
〈Π2〉 and we compute the errors from the
standard deviation of the residual background fluctuations,
as described in Section 2.2. The results are summarized in
the left part of Table 1.
3.1 〈Π〉 and 〈Π2〉 estimate
To estimate 〈Π〉 from the bias-uncorrected values we use the
procedure described in Section 2.3, whose results are shown
in Fig. 1 and listed in Table 1. The same approach has been
applied to correct also the values obtained for
√
〈Π2〉 (see
Table 1 and Fig. 2).
Due to the large errors the mean fractional polarisation
at 143 GHz is not well constrained (〈Π〉 = (3.52± 2.48) per
cent and
√
〈Π2〉 = (7.31 ± 3.89) per cent).
Fig. 3 is a summary of the noise bias corrected results
on 〈Π〉 (top panel) and
√
〈Π2〉 (bottom panel) we obtain
with stacking on the current sample, compared with those
obtained by B17. We obtain 〈Π〉 of (3.10 ± 0.75) per cent
and (3.65±0.66) per cent at 217 and 353 GHz, respectively.
Interestingly, very similar values were obtained from the
analysis of the radio sample in B17, i.e. (3.07±0.29) per cent
for 217 GHz and (3.52±1.20) per cent for 353 GHz. We can-
not extract any value of Π from the PCCS2 catalogue for the
dusty sources: we verified that all the sources in the PCCS2
catalogue at 143, 217 and 353 GHz with reliable detection
in polarisation have a counterpart at 30 GHz, therefore we
can consider them radio sources.
The similar results inferred from the analysis of the
dusty and radio samples might imply a common origin
for the observed polarisation. In this scenario, polarisa-
tion might be mainly caused by the synchrotron emis-
sion from the bursts of star formation and/or nuclear ac-
tivity of dusty galaxies, with negligible contribution from
dust. However, dust thermal emission contributes signifi-
cantly to the total intensity at these frequencies, decreas-
ing the mean fractional polarisation. Therefore, in order to
recover the observed ∼ 3 per cent mean fractional polar-
isation, the contribution from polarised synchrotron emis-
sion should be unfeasibly high. Indeed, at 217 GHz, syn-
chrotron emission of local dusty galaxies (the kind of sources
in our sample, Negrello et al. 2013) is on average of a few
percent(Planck Collaboration XVI 2011), and is completely
negligible at 353 GHz. This argument implies that dust
might contribute significantly to the observed polarisation
in the dusty sample.
Above 100 GHz AGN with weak radio emission are
dominated by dust emission from the torus or the host
galaxy, as in typical sources dominated by thermal emis-
sion. Therefore, the observed polarisation is likely associ-
ated with scattering processes off the dust grains and dust
magnetic fields. On the other hand, the radio sample anal-
ysed in B17 consists mainly of Blazar sources. The latter
are dominated by the jet emission at all frequencies, thus
the observed polarisation is to be ascribed to partially or-
dered magnetic fields in the jet (Tucci & Toffolatti 2012, and
references therein). This is expected to be the case when the
shocks in the jet compress an initial random field (with B
perpendicular to the jet axis) or sheared to lie in plane (with
B parallel to the jet axis).
Since the physics that produces these polarisation sig-
nals is completely different we can only conclude that this
close similarity in the 〈Π〉 values can be just a coincidence.
As in B17, from the recovered values of 〈Π〉 and
√
〈Π2〉
we compute the parameters µ and σ for the log-normal dis-
tribution and from µ we compute the median fractional po-
larisation as Πm = exp(µ). The resulting values are summa-
rized in right part of Table 1.
3.2 Polarisation distribution
We also recover unbiased values for 〈Π〉 and
√
〈Π2〉 at 353
GHz using two different distributions for the polarisation
fraction (see Figs. 4 and 5). The aim is to test how other
distributions work when estimating these quantities. We test
the Normal and the gamma distributions. In the first case
we obtain (5.21±1.00) per cent for 〈Π〉 and (6.39±1.54) per
cent for
√
〈Π2〉. For the Normal case the following relations
between the E[x] = 〈Π〉 and E[x2] = 〈Π2〉 hold: E[x] = µ and
E[x2] = µ2 + σ2. By substituting the values we obtain a neg-
ative value for σ2, which is not possible and allow us to
discard a Normal like distribution for the fractional polar-
isation. The same argument can be applied to the gamma
distribution, for which we find (4.82± 0.78) per cent for 〈Π〉
and (6.37 ± 1.11) per cent for
√
〈Π2〉. In this case the rela-
tions are E[x] = kθ and E[x2] = kθ2 + k2θ2, that give a neg-
ative value for the product kθ2 when substituting the values
we find. Considering that for the gamma family of distribu-
tions it should be k > 0, we can confidently discard also this
broad family of distributions for the fractional polarisation.
3.3 Source counts and CMB power spectrum
contribution
To estimate the source numbers counts in polarization, we
proceed with simulations. At 217 and 353 GHz, we first sim-
ulate sources in total intensity according to the source num-
ber counts by Negrello et al. (2013). Then we simulate the
fractional polarization assuming a log-normal distribution
with the parameters listed in Table 1. Finally we randomly
associate the simulated Π value with the flux density in total
intensity of the simulated sources. We repeat this process 10
times and we estimate the source number counts in polar-
ization by averaging over these 10 sets of simulations.
We also estimate the source number counts in polarisa-
tion for 600 and 800 GHz (CORE frequencies) assuming the
353 GHz parameters for the log-normal distribution. The re-
sults are shown in Fig. 6: the red solid line are the source
counts for our sample and they are compared with the dusty
(green dashed line) and radio (blue dash-dotted line) sources
predictions in the work by De Zotti et al. (2016).
From the source number counts in polarisation we es-
MNRAS 000, 1–8 (2016)
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radio (blue dashed) sources. In the top panels we estimate the
source number counts at 217 (left) and 353 (right) GHz with the
results in Table 1. In the lower panel we show the estimation at
600 (left) and 800 (right) GHz obtained assuming the same values
for the log-normal parameters as for the 353 GHz case.
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Figure 7. Power spectrum contribution from the dusty (red solid
line) and radio (blue dashed line) sources to the power spectrum,
compared with the primordial B-mode for r = 0.1, 0.01, from
top to bottom (black solid line) and the lensing-induced B-mode
(black dotted line).
freq dusty sources Radio
[GHz] [µK2] [µK2]
217 5.57e-08 4.38e-09
353 2.22e-06 8.61e-09
600 2.06e-03 5.66e-07
800 5.10e-01 6.62e-05
Table 2. From left to right: frequency, Cl contribution to the
CMB power spectrum of our sample of dusty and of radio sources
estimated from the CORE predictions (De Zotti et al. 2016).
timate the contribution in polarisation to the CMB power
spectrum, following De Zotti et al. (1996):
ClP = g2
∫ Pc
0
P 2
dN
dlogP
dlogP (6)
where g is the conversion factor from flux density to tem-
perature units (Tegmark & Efstathiou 1996) and Pc = 0.5
mJy has been chosen to be similar to the CORE detection
limit (De Zotti et al. 2016). The values we obtain for 217,
353, 600 and 800 GHz are listed in Table 2. In Fig. 7 we
plot the l(l + 1)Cl/2pi estimate for the dusty sources (red
solid line) and for the radio sources in De Zotti et al. (2016)
(blue dashed line) for the 217 (top panel) and 353 (bottom
panel) GHz channels. In these two frequencies the contribu-
tion is comparable to the primordial B-mode for r = 0.1 and
r = 0.01 (black solid lines) and the lensing-induced B-mode
(black dotted line). At 217 the contribution from these kind
of sources is negligible for the lensing-induced B-modes, but
it becomes important for the primordial B mode at l ∼ 350
(right after the second peak) or l ∼ 150 (just after the first
peak) for r = 0.1 and r = 0.01, respectively.
At 353 GHz the level of this contamination is the same
as the one of lensing-induced B-modes. This means that it
is even worse for the detection of the primordial B-mode,
since the source contribution becomes important right after
the first peak (l ∼ 100) already for the r = 0.1 case. We
omit to show results from 600 and 800 GHz, as at these
frequencies the contribution to the power spectrum is much
higher than the one from the B-mode, as expected.
4 CONCLUSIONS
The analysed sample of extragalactic dusty sources (selected
from the 857 GHz of the PCCS2 catalogue) shows polarisa-
tion properties similar to those characterizing radio sources
(Massardi et al. 2013; Galluzzi et al. 2017; B17). We mea-
sure polarization values of 〈Π〉 =(3.10 ± 0.75) per cent and
〈Π〉 = (3.65 ± 0.66) per cent at 217 and 353 GHz respec-
tively, and of
√
〈Π2〉=(7.38±1.32) per cent and (6.87±1.35)
per cent at 217 and 353 GHz, respectively. Moreover, as for
the radio sources, the fractional polarisation of extragalactic
dusty sources follows a log-normal distribution. We find val-
ues for µ of 0.26±0.52 and 0.66±0.41 and for σ of 1.32±0.23
and 1.12± 0.24 at 217 and 353 GHz, respectively. However,
radio and dusty sources are dominated by different compo-
nents at these frequencies, i.e. by jet synchrotron and dust
emission respectively (see discussion in Section 3.1). There-
fore we conclude that the inferred similarities of polarisation
properties are fortuitous.
We update with our new measurements the source num-
ber counts in polarisation at 217 and 353 GHz and com-
pare them with the predictions for the CORE proposal
(De Zotti et al. 2016). Moreover we make prediction for the
level of the expected contamination to the B-mode angular
power spectrum. We also extrapolate the results at higher
frequencies (600 and 800 GHz). We find that at 217 GHz
the extragalactic dusty sources might be an important con-
taminant for the primordial B-mode, especially in the case
of r = 0.01 or lower. At 353 GHz their contribution is at the
level of the lensing-induced B-mode. As expected, their im-
portance increases with frequency and at 600 and 800 GHz
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their contribution to the angular power spectrum is much
higher than the ones of the B-mode, both primordial and
lensing-induced.
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